We report the comparative study of both n-SiCN/i-SiCN/p-SiCN and n-SiCN/i-SiCN/p-Si junctions for low-cost and hightemperature UV-detecting applications. The cubic crystalline SiCN films were deposited on p-Si͑100͒ substrate with rapid thermal chemical vapor deposition. At 175°C, the measured current ratio of n-SiCN/i-SiCN/p-SiCN and the n-SiCN/i-SiCN/p-Si junctions with and without irradiation of 254 nm UV light under −5 V and 0.5 mW/cm 2 are 150.26 and 5.42, respectively. Compared to the reported UV detectors with 4H or ␤-SiC, the developed n-SiCN/i-SiCN/p-SiCN homojunction has better current ratio in both room and high temperatures.
The demand for UV compact light detectors has rapidly increased due to their potential applications in solid-state white lighting, solar-blind photodetection, biochemical sensors, and medical instruments. 1 Additionally, there has been great interest in developing it for sensing rapidly maturing InGaN light-emitting diodes ͑LEDs͒ and lasers recently. In the past, major compact UV sensors were developed with GaN, ␤-SiC on Si, 4H-SiC, diamond, and 6H-SiC. The GaN or 6H-SiC UV sensor has better hightemperature characteristics 2, 3 but is more expensive. [4] [5] [6] [7] The ␤-SiC on Si substrate is inexpensive and has been studied widely for its lower cost. Nevertheless, its photo/dark current ratio ͑PDCR͒ is low, especially in high temperatures. 8, 9 Diamond, including homoexpitaxial film on high pressure high temperature ͑HPHT͒ synthetic bulk, 10 microwave plasma chemical vapor deposition ͑MWCVD͒ polycrystalline film on 6H-SiC substrate, 11 or boron-doped diamond substrate, 12 has a better dark current ͑ϳpA͒ and very high operation temperature; however, they still need expensive substrates to grow high-quality diamond film. Hence, it is interesting to search for a material for low-cost high-temperature UV detecting applications. The wide bandgap semiconductor, silicon carbon nitride ͑SiCN͒, has many interesting physical characteristics such as hardness, oxidation resistance, high thermal stability, and corrosion resistance. 13, 14 Especially, the cubic crystalline SiCN ͑c-SiCN͒ film deposited on p-Si͑100͒ substrate by the rapid thermal chemical vapor deposition ͑RTCVD͒ has a wide bandgap of 3.2-4.4 eV, 15, 16 which is larger than or comparable to 6H-SiC of 3.0 eV, ␤-SiC on Si of 2.2 eV, GaAs of 1.42 eV, and GaN of 3.36 eV. 4 Besides, the epitaxial SiCN on Si substrate offers the advantages of economic Si material and very-large-scale integrated ͑VLSI͒-compatible processing, thus lowering the cost to enhance the applications. Therefore, we adopted the RTCVD deposited c-SiCN on p-Si͑100͒ substrate for the application.
In this work, we developed two structures, i.e., n-SiCN/i-SiCN/ p-SiCN homojunction and n-SiCN/i-SiCN/p-Si heterojunction, for the study. The PDCR of both structures under 254 nm wavelength light source at various operating temperatures was measured and compared. Experimental results show the n-SiCN/i-SiCN/p-SiCN homojunction has better PDCR in both room and high temperatures and thus is preferable for low-cost and high-temperature UVdetecting applications.
Experimental
The samples of two structures were prepared on p-type Si͑100͒ substrates with resistivity of 4-10 ⍀ cm by a RTCVD system. Figure 1 presents their schematic diagrams in the inset. The junction area is 0.5 ϫ 0.5 cm for both structures. To prepare the n-SiCN/iSiCN/p-Si heterojunctions, the Si substrate after cleaning was sent to chamber, then the substrate temperature was rapidly raised to 1150°C and held for 15 min to deposit the 6000 Å thick undoped photosensitive i-SiCN film. Next, a 4000 Å thick n-SiCN film was deposited under 1150°C for 10 min. Sequentially, Ni ͑1500 Å͒ and Al ͑3000-5000 Å͒ metals were evaporated on the surface of n-SiCN for the top finger electrode and back contact on the back side of Si substrate, respectively. Finally, the samples were annealed at 450°C under nitrogen ambient for 15 min to form the ohmic contact. The flow rates of SiH 4 ͑reaction gas͒, C 3 H 8 ͑carbon source͒, NH 3 ͑reac-tion gas͒, PH 3 ͑doping gas͒, and B 2 H 6 ͑doping gas͒ are 80, 80, 80, 10, and 12 sccm, respectively. The growth rate is about 400 Å/min. The same processes were also applied to complete the n-SiCN/iSiCN/p-SiCN homojunctions, except a 4000 Å p-SiCN layer was deposited on p-Si substrate under 1150°C rapidly and held for 10 min first. A detailed description for growing c-SiCN and subsequent material characterizations can be found elsewhere.
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Results and Discussion
The typical concentration of the phosphorus-doped layers is ϳ1 ϫ 10 19 cm −3 , and it is ϳ1 ϫ 10 18 cm −3 for boron-doped layers.
z E-mail: ykfang@eembox.ee.ncku.edu.tw Generally, the composition of the SiCN alloys is dependent on the carbon source used. 13 In this work, C 3 H 8 was used as the carbon source, and the typical composition of SiCN alloy is Si 0.48 C 0.15 N 0.37 measured with Auger electron spectroscopy. Figure 1 shows the room-temperature dark current and photocurrent measured under reversed bias with a HP4145B semiconductor parameter analyzer for both junctions. The photocurrents were measured under the irradiation of 254 nm UV light source ͑Model: UVP, UVGL-58͒ with 0.5 mW/cm 2 power. The PDCRs of n-SiCN/iSiCN/p-SiCN and n-SiCN/i-SiCN/p-Si junctions are 0.834 mA/ 0.262 A and 0.012 mA/0.218 A under Ϫ5 volts bias, respectively. Factors which caused the different PDCRs for both structures are explained in more detail later. Both structures belong to the p-i-n diode, which is generally operated in high-injection conditions under forward bias, hence the turn-on voltage ͑around 1.0 V͒, photocurrent, and dark currents show no obviously differences for both devices. Figure 2 presents the PDCRs of both structures measured under 5 V reverse bias with and without an irradiation of 254 nm, 0.5 mW/cm 2 power UV light source for various measuring temperatures. As shown at room temperature, the PDCR for homojunction is 3180, which is better than the reported ϳ1000, or ϳ1500 for 4H UV detector, 17, 18 and ϳ5.4 in metal-semiconductor-metal ͑MSM͒ structure or ϳ60 in p-i-n structure of ␤-SiC. 9, 19 Following the increase in temperature, the thermal generation current in the fully depleted i-SiCN region contributes the major dark current. It is well known that the thermal generation current is proportional to exp͑−E g /2KT͒, where E g is the bandgap of i-SiCN ͑3.2-4.4 eV͒, T is the operating temperature, and K is the Boltzmann constant. 20 Therefore, the dark current is increased and thus decreased the PDCR rapidly with raising temperature. However, up to 175°C, the PDCR is still equal to 150.26. To our knowledge, this PDCR is the highest current ratio that has been reported except the one prepared on 6H SiC at elevated temperatures. 2, 9, [17] [18] [19] While for the heterojunction the PDCR is 53.7 at room temperature and decreased to 5.42 at 175°C, these values are inferior to the homojunction sample. We attribute the inferior performance of the herterojunction to the following factors. ͑i͒ The major photoreceiver layer, i.e., i-SiCN, is deposited on p-Si substrate directly, which is thicker and has a higher resistivity ͑4-10 ⍀ cm͒ than that of p-SiCN ͑0.03 ⍀ cm͒, thus loads partial reverse bias and results in a lower field across the i-SiCN region to enhance the photocurrent and thus the lower PDCR. ͑ii͒ The i-SiCN layer grown on Si substrate is also a crystal; however, its film quality is inferior to that grown on p-type SiCN in homojunction, because the p-type SiCN is a crystal and also as a buffer layer. The inferior i-layer contains defects or microdislocations ͓see Fig. 3 scanning electron microscopy ͑SEM͒ photos͔ to trap the light-generated electron-hole pair. ͑iii͒ The E g of p-type Si substrate ͑1.12 ev͒ is smaller than that of p-SiCN ͑3.2-4.4 eV͒ and thus results in a larger thermal-generation dark current to degrade the PDCR in elevated temperatures. We employed SEM, atomic force microscopy ͑AFM͒, and X-ray diffraction ͑XRD͒ to examine the i-SiCN film quality in detail. Figure 3 and inset presents the SEM top-view photos of i-SiCN films deposited on ͑a͒ p-Si substrate and ͑b͒ p-SiCN, respectively. As can be seen, for i-SiCN/p-SiCN in homojunction the surface is smooth; however, many microcracks are observed in the i-SiCN/ p-Si in heterojunction. Besides, the AFM images ͑in the insets of Fig. 3͒ were taken to quantify the surface roughness and found the roughness/root-mean-square ͑rms͒ for the homojunction and the heterojunction are 1.841/2.297 and 2.654/3.372 nm, respectively. In other words, the i-SiCN in heterojunction is 1.44 times rougher than that in homojunction. Furthermore, Fig. 4 and inset shows the lowangle XRD spectra of the i-SiCN film on p-Si substrate and p-SiCN, respectively. As seen, peaks for SiCN at 45.46 21 and 69.24°for Si are found in the heterojunction. This is because of the i-SiCN film heteroepitaxial growth on the Si substrate, which is evidenced by the superimposed diffraction patterns of crystalline Si ͑c-Si͒ and crystalline SiCN ͑c-SiCN͒ observed in the corresponding transmission electron diffraction ͑TEM͒ pattern presented in Fig. 4 inset. Besides, the SiCN TEM pattern indicates that the grown SiCN is a cubic structure with a lattice constant of 4.359 Å. 13, 22 Both TEM and XRD indicate that the SiCN film on p-Si͑100͒ is a single crystalline. Moreover, the full width at half-maximum ͑fwhm͒ for the c-SiCN on Si is 1.01°. For the i-SiCN on the p-SiCN sample, the peak and the fwhm of i-SiCN are shifted to 43.02 and 0.75°, respectively. No peaks for Si are shown. We suspect the elimination of Si peak is due to the block of p-SiCN. Compared to the 45.46°for i-SiCN on p-Si, the 43.02°of i-SiCN on p-SiCN is closer to 41.39°of the c-SiCN reported by ICDD. 23 The shift in peak position is related to various reasons, including deviation in stoichiometry, different crystalline degree of the material, and stress built in the grown film. 21 Therefore, the larger peak shift in the heterojunction corresponds to the microcracks found in the SEM photo of the i-SiCN on p-Si ͑Fig. 3a͒, which is attributed to the stress built in the grown i-SiCN and/or the outdiffusion of boron in the p-Si. The stress is caused by the mismatch between the grown film and the substrate. The stress in the i-SiCN on p-Si is higher than the i-SiCN on p-SiCN for the larger lattice mismatch, thus causing the microcracks, and results in the inferior film quality, which then leads to the lower photocurrent. Besides, the crystal quality of the material is generally indicated by giving the fwhm; therefore, the smaller fwhm of 0.75°for the c-SiCN on P-SiCN means the c-SiCN on P-SiCN has a better film quality.
Additionally, the current responsivity with a peak around 267 nm for the heterojunction is inset in Fig. 4 . A similar responsivity curve is found for the homojunction, except it has a higher peak intensity for the higher photocurrent. The 267 nm peak implies that both structures are preferred for deep UV-detecting applications. Our previous PL measurement shows the SiCN/p-Si sample has a bandgap of 3.77 eV, 19 which is comparable to the 3.8 eV of MWCVDdeposited c-SiCN 15 and the 4.4 eV of the electron cyclotron RCVDdeposited c-SiCN. 16 It is the feature of the higher bandgap of SiCN to enhance the good thermal stability of the developed junctions.
Conclusion
Both n-SiCN/i-SiCN/p-SiCN and n-SiCN/i-SiCN/p-Si junctions have been investigated and compared for low cost and hightemperature UV-detecting applications. The cubic crystalline SiCN films were deposited on p-Si͑100͒ substrate with RTCVD. At room temperature, the photocurrent/dark current ratio for homojunction and hetrojunction are 3180 and 53.7, respectively. At 175°C with and without irradiation of 254 nm UV light, under 0.5 mW/cm 2 and −5 V bias, they are 150.26 and 5.42, respectively. Compared to the reported UV detectors with 4H or ␤-SiC, the developed n-SiCN/iSiCN/p-SiCN homojunction has better current ratio in both room and high temperature, which implies potential applications for hightemperature UV sensors. 
